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ABSTRACT 

This study sought to determine if logical 
relationships that have been clearly established in textual terms can 
be presented equivalently in diagrams, and, if so, what the effect 
might be on student comprehension when diagram technology is employed 
together with instructive questions. Participants in the study were 
129 college students random! :^ assigned to 1 of 4 treatment groups. 
The theses of the study were that flow diagrams are a more effective 
presentation type for cyclical information than texts, and that e£*ch 
presentation type, when used in conjuction with instructive 
questions, will enliance the learning of verbal chains. Evaluation of 
comprehension tests following different types of presentations and 
questioning techniques indicated that flow diagrams were more 
effective than texts in presenting this kind of information. Also, 
instructive questions did not enhance the learning effectiveness of 
the presentation type. No significant differences were found between 
males and females or between different college majors. Two tables and 
four figures are included. (JD) 
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EFFECTS OF USING DIAGRAMS and TEXTS to TEACH VERBAL 
CHAINS: A COMPARISON of GENDER and COLLEGE MAJOR 

Can bgical rcMonshq^s that have been deady established in textual tenns be presented 
equivalent in diagrams? if so^whatis the effect on student conqneheiisimcr a learners 
abiHtjr to remember sequences (verbal chains) when diagram technology is empbyed 
toge&er with instructive questions? Arc there significant diSertnces among gender and 
among education versus non-education majors. 

According to Larkin and Simon (1987), people distinguish diagrammatic from 
sentential [texts] representatkms of infonnation by developing altematr/e models of 
information*processing systems that arc Wormationa% 

diaracterized as sentential or diagrammatia &sarez2£Ea/represen!ations are sequentially 

the propositions in texts. Diag[amnmticT^p£essata&^ 

The tiieses of this study axe that ftow diagrams axe a more effe^ 

cyclical iiifonnation tiian t^cts, and that each presenirv^ 

with instnictive questions, wiE enhance the learning of ver^ Hie purpose of this 
study, therefore, was to evahiale the potential of flow diagrams and texts to teadi verbal 
chains, and the ability of instructive questions to act as pronq)ts or as information 
orgamzeis. 

Need for the Study 

Research on diagrams is inqx)rtant for two reasons. Hrst, most of the messages 
traosmitted by electronic media are pnntorieiited(Jonasse^ Aproblemistiiatthe 
effectiveness of visual materials as a conqxment of a meaningful learning strata is said to 
be obscured dxie to a. 'for standardization among visual nmterials (Clarke 1983;CIaric& 
Angert, 1980;Dwyer, 1978; Heinidi, 1984). Ihe coiu:ept cf standardization among visual 
materials can be realized once educators are abb to sdect visual niatcrVj: based, (m dieir 
attributes* The attdbutes of diagrammatic presentaiicxis are relative wi^ 
benefits of usmg ii^tructive questions is also outHned rather implidtjy in research literature. 
However, no categorical recommendation about the use of flow diagrams can be made at 
this time because of the^lack of diagram theoiy development and subsequent research in tins 
area* Rmher, research should help ckiify the potential 
instniction AccordhigtoHolliday (1976), 'if the tenninal behavior indu^ 
attain.:ient, the placement of a flow" diagram wi^ 
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discussion of fee concepts might prove to constitute an effective instructional package* (p. 
75). Therefore, it is leconmended feat instruct 

investigate fee use of flow diagrams wife instructive questions as an instructional mediusL 
Charts , graphs » and diagrams cQn^nrise a family of gra|diic forms tiiat have in cxminion 
the attributes of abstxHction and the e^loital^ Oiartsiltustxaterelation^nps 
among ca!^(»ical variables; gr^hs show rdatiooshipsbetsveen individual var^ and 
diagrams describe ^ole processes often at kvds of greater con^lexity^ than diaits or 
graphs (Winn, 1987). HoIIiday (1976) noted that the test' Terence between flow 
diagrams arni te}dual descriptions was fee manner of finldng the sequential chains togefeer. 
M flow diagrams, fee collecting words wMch provide structural coherence among 
concepts in a text are retraced wife a condtmsed and spatia% i 
drawings cr block figures and design dements , thereby increasing the opportunity of 
mental linkage formation among verballabels. 

Definitions 

A Flow Diag ram is a graphic design, composed of descriptive texts . or pictiiies. or 
bofe* Flow diagrams present sequence, identif^rreMons, such as parts to a ^ 
explain, rafeertiianiepreseaL A diagramis defined here as evidence of an idea bdng 
structured - itis not 2&eidea but amodd of it, intended to daiifyr diaracteristics of features 
ofthatideu. AdiagiamisafonnofcommmiicdtionAKfeidiincrea^ 
devdopment, or allows an idea to function and devdop for fee thinker while off^ing fee 
possibility of transfer of an idea or triggering cf notioi^^ 

may generatedlffeientnotions and states of mindin fee viev^ 1989). 

Instructive Questions are questions that are designed to facilitate infomiatioai 
organization and sennas adjuncts to pres^itationl^^ Two of fee four treatment groi^ 
in this present stj(fy received instructive questions to answer as th^ 
presentationmateriaL The instnictive questions serve as psxmq)tB or infonnatian organizes 
for fee contentto be leamedfoim fee diagram, or tiie texts. 

Verbal Chains are specific response assodattons (Stimuhis->Re3Ponse)> Veri^ 
fjiafmng ig mntinggnt iippn three rnn^amz ^(a) tha mrmher of iiqmta are limited and fee 
stimulus is presented under conditions commanding attention^ (b) t^ 
the learner is contiguous in time, and (c) fee reinforcement as to fee correctness or 
incorredness of fee response is immediate, and correctness procedures axe implemented 
immediately if the iiiitial response is inconect^ 198P p, 1). Under these 

conditions vLmalization is useful in assisting learners to acquire fee basic data-units of 
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itifonnatimpixKessing-- facts. Giopper invented Ae term verbal diaini^ 
study on diagram types to describe how tiie proba^ 

Holliday (1976) adopted the term verbal chaining to con^^are the teaching effectiveness 
between flow diagrams and texts. 

Research Questions 

Past visual experiments varied the infonnation contained ^ 
this present study varied the infonnation outside the visual Because the qu^on of the 
effectiveness of pictures as a medium cf communicalion in instruction is complex, only qrv 
factorof pictorial display (flow diagram) was investigated in &is study. Flow diagrams 
e^pedal^ helpful foe recalling conqKxients of a pathway a cydic schema and for getting 
the 'big picture' at a glance (HoBiday, 1975). How diagrams ^iSii instriKrtive questions 
are an effective instmctkxoalmecfimn as suggested Al&oughGicpper 
(1970) and Spangenbcrg (1971) indirectiy support HoDidays (1976) flow diagram wit& 
instructive texts tiieory, and further conteM tiiat a flow diagram represents a more effective 
instructional medium tiian a text descr^tion e}q)Ia2ning the same verbal diains , the ev/dence 
is inconclusive. Cropper (1970) found fbst a var^ of diagrams with instructive cp^^estions 
was a better learning achievement package than an undefined conventional instructk >n based 
on the same objective. Iherefore, by utilizing identical information, but, in a textual 
format we shouMbe able to more dearfy defboe the attributes associated wi& pictorial 
displays. Spangenberg (197 1) found tiiat pictorial display grou{» in controlled 
experiments performed better than textual display groups due to the d^rec of int^tation 
attributable to pictorial displays. Thus, presenting the mainissuetiiatthjscurrentstucfy^ 
seeks to resolve, that is, are diagrams batter tiian text de9crq>tions when learning verbal 
diains* 

The four major questions are: (1) What is the effect of presentation type (diagram or 
text) on verbal diahi leamuig?, (2) V/hat is tiie effea of instructive questions as an adjunct 
to tile presentation typQ on learning vertel didns? ( 3) What effect does gender have on the 
use of diagrams, texts and instructive questions \^en learning verbal chains? and (4) What 
effect does college major have cn the use of diagrams, texts and instructive questions when 
learning verbal diains? 
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Mediodology 

The participants in this expenment consisted of 129 coEege students weie randomiy 
assigned to one of the four treatment groups* Each particq>ant was asked to study a flow 
diagram or a text passage, with or without instructive questions, and to take a 
compr^ension test on its content The &st treatment condition (Text Qnl^r) required the 
particq)ant5 to read a passage composed only of prose which described verbal chains of 
information* The seomd treatment condition (Diagram Onl^)requi^ 
stu(fy a flow diagram presenting ti^ same verbal chains as tiie text only condi Hio 
third treatment condition (Text wiSi Instructive Questions) required ^ particq>ants to 
answer &e instructive questions as readme textual pas^e* The fourdi treatment 
condition ^Diagram with I^isiructtve Questions) required the i»rtic^>ants to answer 
instructive questions as tiiey studied the flow diagram. 

The flow diagram used in this study w» arepUca of &e flow diagram used in previ 
studies by Hoffiday (1976, 1981, 1983)^chdescribedfour, related, scientific paftways 
or cydicai schemes (see Figure 1). The text passage contained the same information as 
presented in the diagram. A textual description of the same linkages was ^picalfy restricted 
totheuseof nouns, verbs and modifiers and pres^ted in s«itencefo^ An excerpt of the 
d2ree page text passage ^presented in Hgure 2. The list of instructive ques^oiitsTised in 
two of the four treatments was of the ''fitt-in-the-blank' variety and served an adjunct or 
promptto the diagram or textpresentations* The compai^ension test (dependent variable) 
consisted of 24, four-choice items and constituted a content synthesis of two or more of the 
units displayed in fte diagram or presezited in the texts. 
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From "Teaching Verbal Chains Using Flow Diagrams and Texts'' by W.G. Hollic3ay, 1976, 

AV Camiunication Review, 24, P. 69. Copyright 1976 by Author. Adapted by permission. . 



Biogeochejnical Cycles ^ 
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BiogeoGhemicai Cycles 

Clouds form when moisture in the air condenses on small panicles of dust or other 
solid pardcies in die ain Moisture from trees and odier plant (transpiration) form die 
clouds. Water vapor diat condenses and fonns clouds often falls to die eanh in die fomi 
of rain, sleet, snow» or hail. Water diat falls from the atmosphere to die earth is called 
praclpitatlon. Some water that falls to the eaith goes into die ocean through runoff. 
Some water goes into die ground as seepage. Tiees and odter fomis of plant life use 
die water. 

Oeeans play an important pan in die hydrologic cycle. During diis cycle, die sun's 
rays heat the surface of die ocean* causing die water to enter die atmosphere as water 
vapor (evf iporatfon). Seepage and runoff replenish die ;vater of dte ocean. 

Oxygen in the air contributes to the funcdoning of trees (plant life), and deer 
(animal life), through rcspiradont and by cars (maciiinery) and factories (industry) 
through combustion. Plant life provides die main source of oxygen in die air through 
the pral'ess of photosynthesis. While oxygen contributes to the funcdoning of trees, 
deer, cars and factories, these same diings add carbon dioxide to die air. Carbon 
dioxide is absorbed by trees and other plant life during photosyndiesis. 

Figure 2. Excerpt of the three-page text passage. The text passage was used as 
a single treatment condition and as part of a second treatment condition. 



The content accura(^ and the degree of 
in to sto<fy were vafidatsd by a pand of f our expert 
Sdenoe. Theindividuabonlhepanelrepiiesentedacin^^ 
years at either high sdiool or college levdL Hieccmip^hensiontestproduoeda 
Kuder-Richardson rdiabilify coemdent of 0.53L 

This esqpeximentnsed two independent variables: (1) Piesmtatkm Type, and (2) &ie 
Ptesence at Instructive Question Theiei^ a single dependent variabte»ti» mean sco^ 
achieved on the coinpiehenMon test ThisexpenmentnsedaposttestKml^equi^^^ 
design. Tlu; data cdlected£rom the participants was an^ 
analysis design. M Analysis of VananoeCANOVA) was used to detenninesta^ 
significance [A^pha « .05]. Rgure 3 illustrates the research design. 
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Type of Presentation 







Text 


Diagram 


Presence of 


No 


(Control) 




Instructive 








Questions 


Yes 







The dependent variable Is the comprehension test score. 
Figure 3. 2X2 Factorial Design 



Ik 



ResuitB 

The resujtts of the analysss indicate the fdlowing: 
L Diagiaim are a moie effective present 

2 . lostrucflve questions do not enhance learning effectiveness as an adjunct to the 
two presentation types. 

3. Hierewas no differential advantage between presentation Qrpe and ti» use of 
instructive questions. 

4 • There was no significant difference in perf onnance across gender. 
5 . There was no significant cHfference in perf oimance across education and 
non-education majors. 



Table 1 provides a summary of the mean scores, standard deviations and number of 
subjects across all treatment groiq>s. Table 2 containsthe summary of the 2X2 fadona! 
analysis of variance. 
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Table 1 

Smnmaiv Table of Means and Standard Devi alions bv Main Efifeds N-129 X- 16.74 
Group n Mean SD 



FreseotatioQ Type 



Diagram 


64 


17.81 


181 


T«!rt 


65 


15.69 


2.43 


InstnK^ve Questions 








With 


64 


16.11 


166 


Without 


65 


17.37 


186 


Text Only 


33 


16.06 


109 


Diagram Only 


32 


18.72 


186 


Teart with Instmctive Questions 


32 


15.31 


165 


Diagram with Instmctive Questions 


32 


16.91 


136 



Note: Maxunum poeaible score - 24. 



Table 2 

Siimmaiv ANO VA Table of Presentation Tvrpe and Pt^gsence of TnstnicLtve Q mestions 





DP 


SS 


MS 


F 


P 


Freseotation '£jpe 


1 


145.73 


145.73 


21436 


.0001«» 


Ittstiiictive Questions 


1 


5185 


5185 


8.137 


.0051* 


IntenK^ioa 


1 


9.13 


9.13 


1.406 


.2380 


Error 


125 


811.94 


6.50 







•b<.oi 
••e<.ooi 
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Figure 4 is a grapM?? presentalim of the mean sc^ 



20 




Max. Score Possible = 24 




19 


(X = 18.72) 




M = 


18 
17 
16 


(X = 16.05) 


""^^--^^CX = 16.91) 


X = 


15 
14 




*-r.,^= 15.31) 

Text 






Without 
instructive 
Questions 


with 
Instructive 
Questions 






Figure 4. Graph of Main Effects Means. 





These results strongly support Holliday's (1976) study of flow diagrams as an effedive 
medium when teaching verbal chains. Thefirsthypotihcsis oftheprcsentstudy, thatflow 
diagrams are ziKTO effective than texts when presenting cyclic^ An 
explanation for ^ occurrence is thatflow diagrams imve as a pdmaiy attxibii^ 
present spatial rdationsh^ of entities which reinforce a predicted response (Dwyer & Dwyer, 
1989). •We know visualization is capable of: stimulating curiosity, fadHtating organizs'' xi, 
illustrating data, f ocushig attention, daxifyhig information, stimulating hiterest, raising 
questions, spanning Ihiguistic barriers, facilitating retention of mformation, increasing 
conmnmicatioa reHabdlity, isolathig learning cues, facilitating discdmination, intExxiudng new 
informaticja and initiating discussion' (Dwyer & Dwyer, 1989, p. 2). 

The results for this stwfy also favor the overptcmpting theory (Anderson & Paust, 1967; 
Anderson, Faust & Roderick, 1968; Faust and Andsrson. 1967; Holliday, 1981,1983) ^stodi 
basicalfy states that providing students wi& strong hints to the answeis of questions can do 
more harm than good Thesecondhypo&esjsofthepresentstucfywhichstatesinstructxve 
que^ions exihance leamiug effectiveness of the presentation type (diagram or text) is rejected. 
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The data in this sto^ indicated that student compr^ension of verbal chains is inlnbitedwiira 
diagrams are eznployedtogethsrixithiasra^^^^ Fnsuiher^tSGiihepr^t 
study, consistent wiiQi HoUidays (1981) findings, it is reconmiended that researchers and 
teachers be co gnizant of the fact that encouraging students to focus sdective attention on a 
samplirig of criterial information can result in ixiadeq 

instructional materials as flow diagrams. The use of adjunct questions witu flow diagrains is 
worthy of furti^ investigation with r^ard to how adjunct quesiioiss can be incorpofated into 
instructional methcxis without interfering with the way students generaUy study content 
information. 

However, a secondary anal^ of the data revealed that of the 129 partic^)ants, 103 were 
females and 26 were males. This raised some questions regardhig gender a^^ a confoundhig 
variable. Itwas also noted that 66% of the particQmts were education inaj 
additional questions regardmg curncuium as a confounding varial^e. To answer these 
questions this study examined the petf ormance d male and female collie students , and 
education and non-educatimi ii?ajors when using diagrams or texts with instructive questions to^ 
learn verbal chains. Statistical analyses controOing the type icomparisonwisee^ 
(Duncan's Multqde Range Test) and type I e^qperimentwise error rate (Scheme's Multiple 
Range Test) irKlicate no significant difiterence in conq>reliensiQn test scores between male and 
female partidpanls E(1425) 2.78, p> .05, andno significant difference in ccan^rehension 
testscores between oiucationinajorsandnon-^ucationinajors £(1,125) = 1.34,ii>.05. 
Therefore, the results indicated by the initial ana^^ is confirmed. 



Conclusions 

Media-related researchers need to continue to devdop the 1>road picture'' of flow diagram 
use in instruction. Diagram type, such as picture-word diagrams (Spangenberg, 1971) or 
block-word diagrams (Gropper, 1970), cfiagram complexity, such as word-picture ratio, and 
diagram resolution are oonsiderations for future r^earch on diagrams. 

While we live in an age of visual me<fia, few peopte learn gr^Mc techniques that apply 
gr^Mcalty literate layout strategies. Overhead tramparendes, page layouts and bulletin boards 
usuafly present a flow of wordb down the pa^ in straight text or oudi^ Thereisaneed 
to practice more enlightened visual strategies in the classroom by 
diagrams (V/eisberg, 1970). 

Despite&e widespread and inueasing use of instructional graphics empirical support is 
needed that wiH enable diagrams to be effective as a medium on the basis of their instructional 
quaUties rather than on their decorative qualities (Bates, 1981)* Flow diagrams have generally 
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been designed to supplement visuaUy the info^ We must begin to 

inteipret flow diagmnis as an integrated conqxment of a total learning strategy. More evaluation 
and analysis is st91 required on how verbal-visual relationships and prior knov^edge affect 
diagram effectiveness- A more informed fiieoreticalmdeistanding of how leaniers with 
different levels of prior kno\^edge rdate to varying amounts of descriptive text in diagrams wiil 
assist media-rdated researchers in forming dear criteria for designing effident dia^irams. 
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